Abstract. Cytotoxic T lymphocytes (CTLs) are important for the recognition of the hepatitis B virus (HBV), mediating immunoprotective mechanisms and determining the clinical outcome following HBV infection. CTLs recognize the invading virus via the T cell receptor (TCR). The aim of the current study was to investigate the variability of TCR in lymphocytes from patients with chronic hepatitis B and whether TCR genomic recombination is regulated by the current treatment strategies. Peripheral blood mononuclear cells (PBMCs) were isolated from patients with chronic hepatitis B and high-throughput sequencing was performed to analyze the gene expression diversity of β chain complementarity determining region. High-throughput sequencing produced ~380,000 reads. The sequences of V and J family mRNAs of the β chain V area were analyzed and databases were created for all 30 V family and J family genes. Using the Basic Local Alignment Search Tool, 15 genes were identified to be upregulated in the samples following treatment. Among them, the expression of T cell receptor β variable 28 (TRBV28)_T cell receptor β joining 1-5 (TRBJ1.5) and TRBV6_TRBJ2.10 were significantly different in the treated samples compared with samples taken prior to treatment. Genomic recombination patterns of TRBV and TRBJ of the β chain V area were observed to be different in the samples following treatment. The data of the current study demonstrated that the genomic rearrangement of the V and J segments of TCR β chain V area may be associated with the chronic progression of HBV and impact on treatment efficacy.
Introduction
Chronic hepatitis B is global public health issue. Approximately 2 billion people worldwide have been infected with the hepatitis B virus (HBV). Among them, more than 350 million people have experienced chronic infections (1, 2) . According to the World Health Organization reports, over one million patients with chronic HBV die of liver failure, liver cirrhosis or hepatocellular carcinoma (3) . There is a high rate of chronic HBV infection in China; it is estimated that there are over 120 million people carrying the HBsAg antigen and 20 million with chronic hepatitis B. Among them, there are almost 0.3 million mortalities as a consequence of chronic HBV infection each year in China (4) .
The efficacy of antiviral treatment of patients with chronic hepatitis B is affected by the virus itself and host factors. Among host factors, host immune cells are important in liver damage and the scavenging of invading viral cells. The immune status of patients is one of the important factors impacting the therapeutic response of patients to antiviral treatment. During acute HBV infection, episodes of which are usually self-limited, the cellular immune response against HBV is relatively strong. However, in patients that become chronically infected, the T cell response is much weaker (5) . Previous reports have indicated that the function of T cells in chronic HBV infection is impaired and T cell dysfunction in the host has been considered as the root cause of chronic HBV infection (6, 7) .
It has been well-established that the host immune response triggered by viral infection causes the liver damage Analysis of the complementarity determining regions β-chain genomic rearrangement using high-throughput sequencing in periphery cytotoxic T lymphocytes of patients with chronic hepatitis B experienced by patients with chronic hepatitis B (8) . However, the current therapeutic strategies of chronic hepatitis B treatment, including hepatoprotective drugs, and anti-viral and immune modulation therapy, fail to completely eradicate HBV, even when treatments are administered from an early stage. During the course of the immune response to HBV, the specific cytotoxic T cells (CTL) determine the outcome of the disease and are important in clearing the virus. The T cell receptor (TCR) determines the CTL specificity and is the feature of individual T cells. In peripheral blood, the TCR in 95% T cells is composed of two different protein chains, α and β chains (9) . Additionally, these cells actively participate in the specific immune response of the host against the invading virus. Each chain is composed of two extracellular domains: The variable (V) and constant (C) regions (10) . The TCR α-chain and β-chain have complementarity determining regions, which can recognize the major histocompatibility complex of viruses (11) . The diversity of TCRs in individual patients may be important for the clinical outcomes of patients with HBV infection (12, 13) . Thus, investigating the composition of TCR α and β chains may further the understanding of the pathogenesis and improve treatment strategies for HBV infection. In humans, the genes which code for the α and β chains can be divided into several regions according to the corresponding areas of the α and β chain proteins, including the V, D, J and C regions. The heterodimerical TCRs are highly diverse as a result of genomic rearrangement of the V, D, J and C region segments of each T cell (14) . Although the genomic rearrangement of these regions of TCRs in T cells has been investigated during the past decade using high-throughput sequencing (15, 16) , the effect of different treatments on the genomic rearrangement of TCRs in patients with HBV remains to be examined. In response to an effective treatment strategy, the TCR gene may be adjusted to exert polymorphic expression of certain genes in the β chain.
In the present study, peripheral blood lymphocytes were isolated from patients with chronic hepatitis B prior and subsequent to treatment, and the β chain V region gene diversity was analyzed using high-throughput sequencing. The current study also aimed to elucidate the gene patterns that may be closely associated with specific mechanisms of cellular immune response to the treatment in individual patients with HBV. Several genes with abnormal expression levels were identified in the V and J segments of the CD8 + T cell TCR of patients with chronic HBV infection. These genomic abnormalities may be important during the pathogenesis of HBV infection and progression of the chronic stage. Furthermore, by comparing the expression profiles in patients with or without routine treatment, the results of the current study suggested that two gene variants, T cell receptor β variable 28 (TRBV28)_T cell receptor β joining 1-5 (TRBJ1.5) and TRBV6_TRBJ2.1, in addition to their corresponding segments in the TCR of CD8 + T cells, may be important sites whereby T cells can be regulated and induced to eliminate the invading virus. The expression levels of these genes were significantly altered following treatment. The results of the present study may provide evidence to demonstrate that the plasticity of the β chain V region is an essential feature of the host immune response to virus invasion and may provide insight into novel treatment strategies for patients with HBV.
Materials and methods
Patients. The current study was conducted at the Beijing You'an Hospital, Capital Medical University (Beijing, China). Between March 2010 and December 2013, a total of 4 patients who had been diagnosed with chronic hepatitis B and HBeAg + were enrolled. Routine treatment with nucleotide similitudes, interferon and immunomodulators was administrated to all enrolled patients. All procedures were performed in accordance with the guidelines set by the Declaration of Helsinki and approved by the Clinical and Animal Research Ethnic Committees of Capital Medical University (Beijing, China). All participating individuals provided written informed consent.
Inclusion criteria. All patients enrolled in the present study were required to meet the following criteria: History of hepatitis B or persistent HBsAg + >6 months; copies of HBV-DNA ≥1x10 5 /ml; HBeAg + ; anti-HBe -; abnormal alanine aminotransferase, aspartate aminotransferase or γ-glutamyltransferase; liver abnormality not caused by another medical issue; Knodell histology activity index ≥4 on histology; fibrosis ≥S2; and necrosis ≥G2.
Exclusion criteria. The exclusion criteria for the candidates in the current study were as follows: Co-infection with other viruses, including hepatitis C or D virus, Epstein-Barr virus, cytomegalovirus and human immunodeficiency virus; cancer diagnosis; other liver diseases, including alcoholic hepatitis, nonalcoholic fatty liver disease, drug-induced hepatitis and autoimmune hepatitis; previous incidence of antiviral treatment; recent steroid and immunosuppressant treatment; and intolerance to antivirus treatment.
Peripheral blood mononuclear cell (PBMC) isolation.
PBMCs were separated according to the previous reported procedure with minor modifications (17) . Briefly, 5 ml venous blood was collected from each patient following fasting and then mixed at a ratio of 1:1 (vol/vol) with phosphate-buffered saline (PBS) at room temperature. Subsequently, 2 ml Lymphocyte Separation Medium (Corning Incorporated, Corning, NY, USA) was added to the mixture and centrifuged at room temperature at 600 x g for 20 min. The PBMCs were carefully aspirated (between the layers of plasma and Lymphocyte Separation Medium) and transferred to a separate tube. The pellets were washed twice with 5 ml Roswell Park Memorial Institute 1640 medium (Thermo Fisher Scientific, Inc., Waltham, 
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MA, USA) and then centrifuged following each wash at 400 x g for 10 min. All samples were stored at -80˚C prior to use during experiments.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) amplification of the TCR β chain V area. The isolated PBMCs were washed three times with ice-cold PBS then 1 ml TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) was added to extract the total RNA according to the manufacturer's instructions. An Oligotex kit (Qiagen, Inc., Valencia, CA, USA) was used to purify the mRNA from total RNA according to the manufacturer's protocol. The purified mRNA was converted to cDNA using SuperScript III Reverse Transcriptase, DNase, buffers and dNTPs (all from Thermal Fisher Scientific, Inc.). A degenerated V region primer (5'-GCI ITK TIY TGG TAY MGACA-3'), which was designed to cover the majority of the TRBV genes, and a reverse primer (5'-GCA CCT CCT TCC CAT TCAC-3') covering both TRBC genes was used as previously reported (18, 19) . Each 50 µl RT-qPCR reaction contained 2 µl cDNA, 12 µl ddH 2 O, 25 µl Premix Ex Taq (Takara Bio, Inc., Otsu, Japan), 1 µl forward primer, 1 µl reverse primer. The RT-qPCR cycling conditions were used as follows: 94˚C for 10 min; 40 cycles of 94˚C for 30 sec, 50˚C for 30 sec, and 72˚C for 30 sec; and a final 10 min extension at 72˚C and 4˚C hold for 30 sec. The PCR reaction was performed using an ABI 7500 Real-Time PCR System (Thermo Fisher Scientific, Inc.).
High-throughput sequencing analysis of PCR products.
PCR products (5 µl) were run on 1% agarose gels pre-dyed with ethidium bromide (Sigma-Aldrich, St. Louis, MO, USA) and purified using the QIAquick PCR Purification kit (Qiagen, Inc.). Sequencing reactions and high-throughput sequencing were performed using purified PCR products and the Ion PGM System for Next-Generation Sequencing according to the manufacturer's instructions (Thermo Fisher Scientific, Inc.).
Bioinformatics. DNA sequences were produced from each patient corresponding to the samples provided prior and subsequent to treatment. All sequences were analyzed by CLC Genomics Workbench software, version 7.5 (Qiagen, Inc.) and compared with TRBV and TRBJ sequences from the International ImMunoGeneTics database (www.imgt.org). The sequence differences for each patient from the samples with or without treatment were analyzed and the changes in the V and J areas that were common in all patients were identified.
Results
Quality of PCR products. The quality of the amplified PCR products was tested by running on an agarose gel, which demonstrated clear bands with 400-500 bp size (Fig. 1) . Agilent 2100 Bioanalyzer System (Agilent Technologies, Inc., Santa Clara, CA, USA) was used to determine the quality of the PCR products from the patient samples prior and subsequent to treatment. Representative data of the samples from one patient (prior and subsequent to treatment) is presented in Fig. 2 . As demonstrated, the peak value of the sample prior to treatment was on 454 bp, whereas following treatment while the one of sample after treatment was on the 453 bp. The data was further analyzed using a mimic diagram to demonstrate the sizes of the bands with using the Agilent 2100 Bioanalyzer system (Fig. 3) . The results from Agilent 2100 analysis were consistent with the results demonstrated in Fig. 1 . 
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Sequence analysis of PCR products. The present study performed high-throughput sequencing to analyze the genomic expression patterns of samples in patients prior and subsequent to treatment for HBV. Ion sphere particle (ISP) identification summaries of representative samples are presented in Fig. 4 and Table I . In total, 3,829,994 reads were identified and a relatively stronger red color suggested the relative stable sequencing process. In a further library summary, the average size of all reads was 225 bp (Fig. 5 and Table II ). The differential genomic expression of TCR β chains is presented in Table III . By comparing the expression profile in the samples prior and subsequent to treatment, the results of the present study demonstrated there to be markedly differential expression of the following TCR recombinations: TRBV10_TRBJ2.1; TRBV10_TRBJ2.2; TRBV10_TRBJ2.7; TRBV12_TRBJ1.1; TRBV27_TRBJ2.2; TRBV28_TRBJ1.5; and TRBV6_TRBJ2. Among them, TRBV28_TRBJ1.5 and TRBV6_TRBJ2.1 were markedly different.
Discussion
Chronic HBV infections are highly prevalent and create a substantial burden to healthcare systems (20) . HBV infection is a major cause of morbidity and mortality worldwide, particularly in developing countries (21) . The natural process of HBV infection is determined by the interaction between virus replication and the host immune response. Host immune responses are important for the successful elimination of viruses (22) . T cell immune Figure 5 . Library summary the sequencing of polymerase chain reaction products. Table III . Representative upregulated genes in TCR β chain (V and J area) after routine treatment. responses are central for determining the clinical outcome of infection (19) . It is well-established that there is a significant correlation between the strength of the T cell response and virus clearance (23) . A previous study also suggested that investigating variable gene expression patterns of TCR may provide important information regarding the host immune response against invading HBV (24) . However, little is understood regarding whether genomic rearrangement of TCR occurs in response to treatment of the host infected with HBV. As T cell dysfunction may be an important cause of the chronic deterioration in HBV patients, the present study hypothesized that effective routine treatment may regulate the TCR expression profiles by regulating genomic rearrangement. High-throughput sequencing technology is widely used in biology and medicine to investigate important biological questions in rare diseases. Single-cell sequencing is also used in cancer research (25) .
With the advent of next-generation-sequencing technologies, it has now become feasible to directly sequence a numerous TCR β chains in parallel. The current study used Ion Torrent high-throughput sequencing technology to investigate the effect of treatment for chronic hepatitis B on the TCR β chain V region genomic recombination pattern. The present study aimed to provide evidence to further understand the host immune mechanisms in patients infected with HBV and how treatment influences the outcome of HBV infection. In total, 3,829,994 reads were sequenced and analyzed. The sizes of the majority of the sequence PCR products were 100-400 bp. Furthermore, the results of the current study demonstrated that the ratio for library reads is 43.3%. These results are consistent with the recognized advantages of high-throughput and higher quality next-generation-sequencing technology. By comparing the expression profile in TCR β chains of patients prior and subsequent to treatment, to the best of our knowledge, the present study is the first to demonstrate alterations to several genes at the V and J regions following treatment for HBV. Only TRBV28_TRBJ1.5 and TRBV6_TRBJ2.1 were significantly different following treatment compared with the samples from the same patient prior to treatment. TRBV families, including TRBV28 and TRBV6, have been previously demonstrated to be important in abnormal immune responses of T cells in certain diseases, including psoriasis (26) and myasthenia gravis (27) .
The observations of the current study provide useful evidence demonstrating that these genes are closely involved in the response of TCR to HBV in patients. In summary, the present study demonstrated rapid, high-throughput analysis of the expression TCR-β chain genomic recombinants. The results of the current study may support future research into the T cell response in patients with HBV.
